Abstract Heat shock proteins (Hsps) can be found in two forms, intracellular and extracellular. The intracellular Hsps are induced as a result of stress and have been found to be cytoprotective in many instances due to their chaperone functions in protein folding and in protein degradation. The origin and role of extracellular Hsps is less clear. Although they were suspected originally to be released from damaged cells (necrosis), their presence in most normal individuals rather suggests that they have regulatory functions in circulation. As immunodominant molecules, Hsps can stimulate the immune system, leading to the production of autoantibodies recognizing epitopes shared by microbial and human Hsps. Thus, extracellular Hsps can influence the inflammatory response as evidenced by the production of inflammatory cytokines. Antibodies to Hsps have been found under normal conditions but seem to be increased in certain stresses and diseases. Such antibodies could regulate the inflammatory response positively or negatively. Here, we review the literature on the findings of antibodies to Hsps in situations of environmental or occupational stress and in a number of diseases and discuss their possible significance for the diagnosis, prognosis, or pathogenesis of these diseases.
INTRODUCTION
Heat shock proteins (Hsps) are highly conserved proteins found in prokaryotes and eukaryotes (Lindquist and Craig 1988; Morimoto et al 1994) . The heat shock response was initially described over 40 years ago as the appearance of puffs in fly chromosomes induced by heat or treatment with respiration uncouplers (Ritossa 1962 (Ritossa , 1964 and characterized by the rapid induction of a limited subset of proteins (Tissières et al 1974) . This response and Hsps produced during this response continue to fascinate many scientists from both basic and applied fields because Hsps are important in the buildup of tolerance and cytoprotection against many stresses such as ischemia, hypoxia, and exposure to numerous xenobiotics. It has also been suggested that Hsps play a role in the pathogenesis, prognosis, and treatment of many diseases, although the exact mechanisms of how Hsps operate in these processes remain elusive in most cases (Welch 1992; Kauffmann and Schooel 1994; Minowada and Welch 1995; Favatier et al 1997; Frostegard et al 1997; Xu 2002; Todryk et al 2003; Xiao et al 2003; Jin et al 2004a; Mandal et al 2004; Ciocca and Calderwood 2005) . In the mid-1990s, the presence of autoantibodies against Hsps was observed in humans and in animal models of various diseases. In many cases, these antibodies were associated with the pathogenesis, prognosis, and/or severity of disease especially in the heart and brain fields. Here, we review the present data on the presence of antibodies against Hsps in environmental stress-associated diseases and discuss their possible roles. munity; and to physiological stimuli such as growth factors, cell differentiation, or hormonal stimulation. Although many environmental xenobiotics induce the synthesis of Hsps, some like benzo(a)pyrene, a ubiquitous environmental pollutant and a potent procarcinogen and mutagen that can elicit tumors, inhibits their synthesis. This points to the special toxicity of these xenobiotics and at potential mechanisms of diseases caused by this chemical (Bartosiewicz et al 2001; Gao et al 2004) .
Many Hsps act as molecular chaperones both in vitro and in vivo. This is important as they provide cells with a mechanism to prevent damage caused by misfolded, damaged, aggregated, or insoluble proteins resulting in the formation of toxic inclusion bodies and aggresomes (Hightower 1991) . These structures have been associated with many neurodegenerative diseases and are thought to be cytotoxic (Muchovski et al 2000; Barral et al 2004; Muchovski and Walker 2005) . Thus, misfolded or damaged proteins must either be properly refolded by chaperones or degraded through proteolytic pathways like the proteasome. This chaperone function of Hsps is also thought to be at the basis of cell protection at the organismic level; thus overexpression of Hsps has been linked to protection against ischemia-induced damages in brain, heart, and kidneys in mammals including humans (Currie et al 1993; Marber et al 1995; Plumier et al 1997) (reviewed in Benjamin and McMillan 1998; Beck et al 2000; Delogu et al 2001; Lachman 2001; Christians et al 2002; Mehta et al 2005) . The cytoprotective property of Hsps, although beneficial in some cases, may be detrimental in others as in tumor progression or in conferring resistance to chemotherapy and apoptotic removal of tumor cells (reviewed in Ciocca and Calderwood 2005) .
Hsps have also been shown to modulate immunological processes by acting at the level of antigen presentation and in transport of peptides to the major histocompatibility complexes (MHC) (Basu and Srivastava 2000; Wells and Malkovsky 2000) .
ASSOCIATION OF ANTI-Hsps WITH ENVIRONMENTAL STRESSES
There are 3 main types of environmental factors: (1) physical factors such as exposure to high temperature, noise, ultraviolet light, radiation; (2) chemical factors with thousands of industrial xenobiotics including carbon monoxide, heavy metal, and dust; and (3) biological factors such as infection by viruses, bacteria, parasites, and fungi. Exposure to these stresses not only contributes to the induction of Hsps but may also result in production of autoantibodies against Hsps. Many factors can contribute to the production of such autoantibodies: genetic factors, infection, the denaturation and release of Hsps as a result of cell damage (necrosis), and the presence of antigenspecific lymphocytes related to environmental stress exposure. There are many observations suggesting that long-term exposure to environmental stresses may result in the production of antibodies against Hsps and such antibodies can be associated with abnormal changes of the body and with some diseases (Table 1) . We first reported the presence of antibodies to Hsp27, Hsp60, Hsp70, and Hsp90 in plasma of workers in the steel industry who had long-term exposure to high temperature, carbon monoxide, and other chemicals in coke ovens (Wu et al 1996) . It was suggested that the presence of such antibodies might potentially constitute useful biomarkers to assess whether workers were experiencing abnormal stress within their working and/or living environments (Wu et al 1996) . We subsequently observed that there was a significantly increased frequency of antibodies against Hsp70 (anti-Hsp70) in workers exposed to benzene, dust, heat, and noise, and that these stresses seemed to contribute to the production of an antibody against Hsp70. Interestingly, the presence of such antibodies was associated with benzene-poisoning, hypertension, noise-induced hearing loss, and abnormal changes of electrocardiography (Wu et al 1998 (Wu et al , 2001b Yang et al 2004b; Yuan et al 2005) . Equally interesting was the observation that antibodies against Hsp70 occurred in higher titers in individuals who were more susceptible to heat-induced illness (Wang et al 2001; Wu et al 2001a) . also reported that elevated levels of antibodies against metallothionein and Hsp70 were associated with metal allergy in atopic dermatitis patients. However, how environmental stresses cause the production of antibodies against Hsps and how such anti-Hsp antibodies are involved in the development of many environmentally related diseases remains unknown.
ASSOCIATION OF ANTI-Hsps WITH DISEASES
The involvement of Hsps and their antibodies and their association with some diseases does not come as a surprise because 3 genes encoding for members of the Hsp70 family are located within the MHC in humans and genes coding for human leukocyte antigens (HLA) are associated with most diseases (Gunther 1991) . Second, Hsps have been suggested to play a central role in the response to environmental stimuli, and possibly in autoimmune responses (Cohen and Young 1991) . Third, many Hsps function as molecular chaperones and are particularly important in conformation diseases including most neurodegenerative diseases (Barral et al 2004) . Here, we focus on data reporting the presence and the possible roles of antibodies against Hsps in different types of diseases. 
IMMUNE AND AUTOIMMUNE DISEASES
A role of Hsps in autoimmunity has been implicated from many studies and a role for Hsps as facilitators of immune response to proteins and peptides has been widely documented both in vivo and in vitro (Yang and Feige 1992; Kauffmann and Schooel 1994; Basu and Srivastava 2000; Srivastava 2000; Prohaszka et al 2002) . Recent evidence from studies in animal models and in patients with autoimmune diseases has clearly suggested the involvement of Hsps in both the pathogenesis and the immunoregulation of these diseases; this may have important therapeutic implications for the treatment of human autoimmune diseases (Yang and Feige 1992) . A list of autoimmune diseases presenting antibodies against Hsps is presented in Table 2 . The first report of antibodies against Hsps in a human disease is that of Jarjour et al (1991) , who suggested that the difference in the levels of anti-Hsps antibodies seen in sera of patients with various rheumatoid and other inflammatory diseases compared to normal controls, could merely reflect disease-associated polyclonal B cell activation. Subsequent investigations have suggested that such antibodies or specific T cells against Hsps were associated with immune and autoimmune diseases. For example, Panchapakesan et al (1992) reported on the elevated levels of antimycobacterial Hsp65 in systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA). Gruber et al (1996) did not observe any significant difference in the concentration of anti-Hsp65 between patients with SLE and controls, but antibodies were higher in patients with atherosclerosis and vasculitis. Conroy et al (1996) found that there was a similar increase of antiHsp70 and anti-Hsp90 antibodies in children with SLE as in adult patients and suggested that SLE in children and adults might share a similar pathological mechanism of disease. Horvath et al (2001) investigated the presence of antibodies against both human Hsp60 and mycobacterial Hsp65 in patients with systemic lupus erythematosus, systemic sclerosis, undifferentiated connective tissue diseases (UCTD), primary Raynaud syndrome, rheumatoid arthritis, polymyositis; they found that the levels of anti-Hsp60 and anti-Hsp65 antibodies were significantly higher only in the UCTD patients. Shinghai et al (1995) reported the presence of antibodies to Hsps in pa- tients with autoimmune liver diseases and suggested that the presence of anti-Hsc70 antibodies was an indicator for the disease activity of primary biliary cirrhosis. Xiao et al (2004) found that antibodies against Hsp70 are more common in immune thrombocytopenic purpura (ITP) patients (15 of 29) than in control children (5 of 30). The prevalence of antibodies against Hsp70 (51.7%) in ITPaffected children is as high as antibodies against platelet membrane glycoproteins (58.3%). Recently, Yang et al (2005) reported that antibodies to Hsp60 and Hsp70 are commonly present in asthma patients and more so in subjects with the most severe symptoms, suggesting that such antibodies and especially anti-Hsp70 may play a role in the pathogenesis and outcome of asthma. The presence of anti-Hsps in patients with multiple sclerosis, Grave's diseases, sarcoidosis, or insulin-dependent diabetes mellitus (IDDM) was also observed (Table  2 ). Antibodies to Hsp65 were suspected to be involved in the pathophysiological mechanisms of ␤-cell destruction in diabetes (Jones et al 1990) . Tun et al (1994) found that serological reaction to mycobacterial Hsp65 occurred in type 1 diabetes, but was neither a characteristic nor a specific feature of the disease. Child et al (1995) suggested that the low levels of anti-Hsp65 found in patients with established type 1 and type 2 diabetes were probably a manifestation of impaired immunity induced by the diabetic disease. Mackay et al (1996) found that there was lack of autoimmune serological reactions in rodent models of IDDM. Horvath et al (2002) found that antibody levels to a specific peptide found in Mycobacteria bovis Hsp65 and human Hsp60 were significantly higher in a group of 83 children with type 1 diabetes than in healthy children. Antibodies to two epitope regions of Hsp60 were also detected in the diabetic children, and it was suggested that the presence of antibodies to these specific peptides might play a possible role in the autoimmune diabetogenic process of the early diabetes. In a study on 138 patients with type 1 diabetes, Weitgasser et al (2003) found that the Hsp65 antibody titer was positively related to the patient age but not to glycemic control and that patients with retinopathy had higher antibody titers than those without retinopathy. Sims et al (2002) found that median titers to Hsp70 were significantly higher in patients with type 1 diabetes/periodontitis than in nondiabetic controls and suggested that pretreatment profiles of serum antibody titers to Hsp65, Hsp70, and Hsp90 might be useful to predicting which patients with diabetes/periodontitis would have a poor response to nonsurgical periodontal therapy. Recent results from Qin et al (2003) suggested that there was a higher level of IgG1 and IgG3 isotypes of Hsp90 in patients with type 1 diabetes and first-degree relatives of these patients than in controls, and that autoimmunity leading to type 1 diabetes significantly altered antiHsp90 autoantibody isotype to autoantigen.
In summary, antibodies against Hsps have been detected in various autoimmune diseases, but they were neither a characteristic nor a specific feature of these immune diseases. Whether antibodies against Hsps are directly involved in the pathogenesis or can regulate the course of these autoimmune diseases remains to be clarified.
ANTI-Hsps AND INFECTIOUS DISEASES
Another type of environmental aggression is exposure to biological factors such as viruses, bacteria, parasites, and fungi. The immune system has a bias toward recognition of microbial antigens for protecting the host from infection at birth. Much data suggest that an important initial line of defense in this regard involves autologous heat shock proteins, especially highly conserved Hsp60s (Zugel and Kauffmann 1999) . Given the high degree of amino acid sequence homology between Hsps of different species, the presence of antibodies against Hsps may, on the one hand, be helpful to protect the host from recurring infection; on the other hand, presence of such antibodies may contribute to autoimmunity through crossreactivity between Hsps and tissue-specific proteins containing similar epitope motives. Therefore, it is no surprise that Hsps and/or their antibodies can be involved in the development of many autoimmune and/or inflammatory diseases such as SLE, IDDM, rheumatoid arthritis, multiple sclerosis, Hashimoto's thyroiditis, glomerulonephritis, scleroderma, pemphigoid, Addison's disease, chronic active hepatitis, primary biliary cirrhosis, and atherosclerosis (see Table 2 ). For example, Colebrook and Lightowlers (1997) reported that antibodies to Echinococcus granulosus Hsp70, but not to human Hsp70, were more frequent in sera of patients with hydatid diseases than in matched controls. Al-Shamma et al (1997) showed that there were higher mean titers of serum anti-human Hsp27 and Hsp90 IgG in patients with cystic fibrosis than in controls and higher anti-Hsp27 antibodies in cystic fibrosis patients with arthritis than patients without arthritis. They suggested that arthritis-associated cystic fibrosis was associated with more severe lung disease and with a greater inflammatory response to Hsps. In contrast, Lopatin et al (1999) reported that periodontal patients with higher anti-Hsps (Hsp90, Dnak, and GroEL) antibody levels tended to have significantly healthier periodontal tissues, reflecting the protective effects of anti-Hsp antibodies. Prohaszka et al (1999) reported that there was an increase of anti-hHsp60 and mycobacterial Hsp65 and a strong positive correlation between the levels of autoantibodies against C1q and antibodies to these Hsps in the sera of HIV-infected patients. There have been reports of an increase in serum Hsp70 and antibodies to Hsp70 in HIV-infected patients (Kocsis et al 2003) . Antibodies to the Hsp70 cochaperone HspB1 have also been found in HIV-infected subjects but also in uninfected controls consistent with the absence of any relationship between the autoantibodies and clinical parameters (Papp et al 2005) . Yunoki et al (2000) suggested that measurement of antibodies to Helicobacter pylori Hsp60 in serum of patients with H pylori-infected peptic ulcers was useful for early monitoring of effectiveness of eradication therapy. Kalabay et al (2002) reported that infection with the Helicobacter pylori bacterium in connective tissue disorders was associated with increased concentrations of antimycobacterial Hsp65. Zhang et al (2001) found that the antibodies IgG, IgM, and IgA to Hsp90, IgM to Hsp70, IgA to Hsp65 were significantly increased in patients with malaria, suggesting that the antigenic potential of Hsp90 was higher than those of Hsp70 and Hsp65 in malaria. Although many studies show that Hsp70 purified from virally infected cells can transfer and deliver antigenic peptides to antigen-presenting cells to elicit peptide-specific immunity and the administration of recombinant Hsp70 can attenuate experimental autoimmune disease, the exact role(s) and mechanisms of action of anti-Hsps antibodies in autoimmune and infectious diseases remain to be examined in more detail.
CARDIOVASCULAR DISEASES AND CEREBRAL INJURY
Cardiovascular and cerebral diseases are a leading cause of morbidity and death. Several studies in animal models have documented the cytoprotective activity of Hsps against ischemia and reperfusion-associated damage in the heart, and the brain. Excellent reviews have been written on the roles for Hsps and anti-Hsp60/Hsp65 antibodies in cardiovascular diseases (Frostegard et al 1997; Wick and Xu 1999; Latchman 2001; Pockley 2002; Xu 2002; Mandal et al 2004; Mehta et al 2005) . Interestingly, data from many laboratories have demonstrated that serum antibodies against human Hsp60 or mycobacterial Hsp65 are associated with the pathogenesis, diagnosis, prognosis, and even possible treatment of cardiovascular diseases such as coronary heart diseases, hypertension, carotid atherosclerosis, and vascular diseases. However, no association between antibodies to Hsp70 and cardiovascular diseases was observed in investigations from distinct laboratories including our own (Portig et al 1997; Yang et al 2004a) , although Hsp70 is known to play a key role in cytoprotection of heart from ischemia and other harmful stimuli. Recently, antibodies to Hsp70 were found in patients with severe angina, but not chronic angina, and interestingly, the former patients had an improved outcome following coronary artery bypass grafting (Vogt et al 2004) . Rea et al (2001) observed that Hsp60, Hsp70, antiHsp60, anti-Hsp65, and anti-Hsp70 were detectable in 60 healthy individuals aged from 20 to 96 years. There was a progressive decline in Hsp60 and Hsp70 levels and an increased trend in Hsp70 antibody levels with age. Chan et al (1999) showed that there was a significant correlation between anti-Hsp70 antibody and different vascular diseases such as lower limb claudication and critical ischemia, abdominal aortic aneurysms, which suggested that Hsp70 and anti-Hsp70 might be involved in the pathogenesis and propagation of atherosclerosis. Gromadzka et al (2001) noted that humoral immunity to Hsp70 was common in patients (in the first 48 hours after stroke onset) with ischemic stroke mainly caused by the development of vascular lesions and that elevated levels of antiHsp70 antibody could be triggering factors for stroke. Recently, Jin et al (2004b) found that anti-Hsp70 antibodies in patients with cerebral infarction were significantly higher in the first 24 hours after stroke onset and then decreased and even disappeared after a recovery for 30 days (Table 3) . Yuan et al (2005) found that there was a significant dose-response increase of plasma anti-Hsp70 in workers exposed to noise (without any treatment) and that the increase of anti-Hsp70 was associated with the independent risk of increased electrocardiography abnormality types, including sinus arrhythmia, chronic myocardial ischemia, or ectopic rhythm (odds ratio, 2.67; 95%confidence interval, 1.54-4.62; P ϭ 0.000); this suggested that enhanced anti-Hsp70 might be involved in progression of abnormal electrocardiography changes and possibly cardiovascular diseases.
In summary, the results of anti-Hsp70 antibody measurements in cardiovascular and cerebral diseases are still controversial. The frequency of this antibody varies in different studies and this may be dependent on different methods of detection and classification of disease states including stages, duration, and treatment of these diseases. So far, there have been no attempt to standardize these methods, and therefore the significance of these data should be cautiously interpreted for the time being.
ORGAN TRANSPLANTATION
During transplantation, the allograft undergoes a stress response, which results in an increased expression of Hsps and the recruitment and activation of Hsp-reactive lymphocytes. In early studies on animal models of cardiac allografts, a higher activation and expression of Hsps was accompanied by a higher rate of rejection of allografts Qian et al 1995) . Lee et al (1995) reported the presence of antibodies to both inducible Hsp72 and constitutive Hsp73 in 3 of 14 allogeneic bone marrow transplant recipients, but not in autologous peripheral blood stem cell transplant recipients. Goral et al (2002) reported a significant increase of IgM antiHsp70 and/or anti-Hsp90, but not anti-Hsp60 in patients with graft-vs-host disease (GVHD) early (30-90 days) after transplantation, and this increase preceded or accompanied chronic GVHD and returned to normal with the next 400 days in the majority of these patients; this suggested that monitoring levels of anti-Hsp70 and antiHsp90 antibodies in stem cell transplant recipients might serve as a diagnostic tool and help to predict the onset of GVHD. Recently, Morgun et al (2004) found that there was significantly higher anti-myosin and anti-Hsps IgG antibodies in adult pretransplant cardiac allograft recipients than in controls. However, there was no significant difference of anti-Hsps during acute rejection than during the rejection-free period, suggesting a more pathogenic role for anti-myosin antibodies in cardiac transplant rejection than for anti-Hsps antibodies. In a mouse knockout model of Hsp70.1, Oh et al (2004) noted that the survival of skin grafts was longer when the donor had a disrupted Hsp70.1 gene suggesting that this gene product up-regulated graft rejection. Antibodies to Hsp70 were not measured in this study.
Although a number of investigations suggest that there is an association of Hsps and anti-Hsp reactivity with allograft rejection, the balance between protective and damaging effects and the precise influence of the heat shock response and the generation of autoantibodies to Hsps on graft outcome remains unclear (for a recent review, see Pockley and Muthana 2005) .
CANCERS
Cancer prediction and outcome is an important facet of environmental and occupational stresses. Hsps are involved in the acquisition of tolerance to heat, chemotherapeutic drugs, oxidative stress, toxins, and radiation, and protect cells against injury including DNA damage and apoptosis caused by these stimuli (Buzzard 1998; Jäättelä et al 1998; Xiao et al 2002) . Therefore, investigating the roles of Hsps in development, prognosis, and treatment of cancers is an important issue (Cornford et al 2000; Todryk et al 2003) . Ciocca and Calderwood (2005) recently surveyed the literature for the implications of various Hsps in cancer: in general Hsp levels are not informative at the diagnostic level but can be useful markers of properties like aggressiveness and response to chemotherapy in some tissues. There are a few investigations on the presence of anti-Hsps antibodies in the tumor process. Conroy et al (1998a Conroy et al ( , 1998b showed that antibodies to Hsp27, Hsp70, and Hsp90 were detectable in patients with breast cancer and that anti-Hsp27 and anti-Hsp90 antibodies were detectable only in patients, not in controls; they suggested that the increased levels of antibodies to Hsp27 were correlated with an improved survival, whereas high levels of antibodies to Hsp90 were correlated with the reduced survival of these patients. Korneeva et al (2000) also reported that there was a common prevalence of anti-Hsp27 IgA (but not IgG) in the genital tract of women with endometrial and with ovarian cancer before and after treatment, but not in 25 women with benign diagnoses nor in 46 healthy women; moreover, in the same study, IgA antibodies to Hsp70 were not cancerspecific, but IgA to Hsp90 were present in one-third of patients with ovarian cancer. Thus, cervical IgA antibodies to Hsp27 may be indicators of gynecologic malignancy. These data seem to be related with properties of distribution and possible functions of Hsp27 and Hsp90 in hormonal response.
ANTI-Hsps IN OTHER DISEASES
Hsps are present in almost all types of cells and tissues, and thus anti-Hsp antibodies may be associated with many types of diseases. Qureishi et al (1995) reported a significant increase of antibodies to Hsp70 in patients with thermal burns, implicating the presence of this antibody and its possible influence on the immune system. Freidank et al (1995) showed by immunoblot that there was significantly higher anti-Chlamydia trachomatis Hsp antibody rate in infertile female patients with complete tubal occlusion than in such patients with normal fallopian tubes. An increased presence of anti-Hsp70 and anti-Hsp90 was observed in patients with schizophrenia by Schwarz et al (1999) and Kim et al (2001) , suggesting that these two antibodies, especially anti-Hsp70 antibody, might be involved in the pathogenesis of schizophrenia.
Antibodies to Hsp70 were also noted in sera of patients with idiopathic, progressive, bilateral sensorineural hearing loss (Bloch et al 1995) . The presence of anti-Hsp70 antibody is significantly higher in patients with Meniere's diseases than in controls, but the association of this antibody with clinical features or course of Meniere's diseases is limited because of the high prevalence of the antibody found in healthy controls of this study (Rauch et al 2000) . Moreover, another study of 27 patients with sudden deafness showed that there was no significant increase of anti-Hsp70 antibody in patients compared with controls, suggesting there was no clinical utility for diagnostic screening in this disease (Samuelsson et al 2003) . Recently, Yang et al (2004b) examined the prevalence of antibodies to Hsp70 and Hsp60 in workers with noiseinduced hearing loss: antibodies to both proteins were more prevalent in such workers, but curiously anti-Hsp70 was associated with high-frequency hearing loss, whereas anti-Hsp60 was associated with moderate low-frequency loss.
Finally, De Smet and Ramadan (2001) reported that levels of antibodies to human inducible Hsp70 were significantly higher in Behcet's disease, sarcoidosis, and pars planitis than in controls, suggesting that the circulating levels of this antibody might reflect the extent of disease involvement with the eye.
CONCLUSION AND PERSPECTIVES
Antibodies against Hsps are found under normal physiological conditions, after exposure to environmental stresses, and in many diseases. The data accumulated so far suggest that the presence of such antibodies may be more foe than friend in humans. However, many of these data are still contradictory and the frequency or levels of anti-Hsps antibodies vary in different studies; one possible reason for this variance may be the use of different methods of detection. Most of the present data has been obtained using Western blot-based assays, a technique that lacks sensitivity and is rather imprecise for quantification. Because antibodies to Hsps are present in normal individuals, it will be important to establish antibody ti- ters cutoff lines and variance between ''normality'' and disease states using more sensitive and quantifiable techniques. This would be facilitated by methods that can be automated to assess and titrate antibodies levels in numerous samples. Such methods should be accessible in terms of costs for routine work especially in developing countries. Another important aspect is the nature and specificity of the antigens recognized by these antibodies. Thus, many studies refer to Hsp70 without clearly specifying whether they are referring to the inducible member Hsp71 or to the constitutively expressed member, Hsc73. Because there are at least 8 members in the family of Hsp70 in humans, knowledge on the epitopes recognized by the anti-Hsp70 antibodies in different diseases is important for deciphering their functions. This is particularly important because the different members of the Hsp70 family seem to have distinct functions in processes such as cancer cell growth (Rohde et al 2005) . Because Hsps are immunodominant molecules, identification of epitopes in some bacterial and human Hsps has begun and regions of Hsp70 involved in the modulation of cytokine production and in the natural killer (NK) immune response have been identified (Botzler et al 1998; Gastpar et al 2004; Wang et al 2005) . Table 4 lists some of the epitopes identified in Hsp70, Hsp60, and Hsp90. For example, the C terminus of Hsp70 seems particularly important in the immune response, but it is also notable that very few Hsp70 epitopes have been defined in diseases with the exception of patients with inner ear and Menière's disease (Bloch et al 1999) . This is slightly better defined in the case of Hsp60 where acute coronary syndrome patients and children with diabetes have been examined (Table 4) . Thus, identifying the epitopes in specific diseases remains a priority, because it will aid in the understanding of immunological events leading to the production of such autoantibodies and the identification of their functions and fate in the disease process. Whether antibodies to Hsp70, for example, in different patients with different diseases recognize the same epitopes is presently unknown. Epitope mapping would also lead to substantial progress in the development of simple specific and sensitive assays. The peptide array field is rapidly expanding and could provide such precious information (Maercker 2005) .
Another reason for the variability of results from different laboratories is that diseases are very complex, es-pecially for chronic and multifactorial diseases, suggesting that it is essential to consider disease states such as stage, duration, and extent of treatment, and to investigate more critically the risk factors related to the corresponding disease. From the present data, it is not always possible to assess these variables in different reports.
There is a reactivity or/and cross-reactivity among anti-Hsp antibodies, exogenous Hsps from infecting microorganism, and host endogenous Hsps including circulating Hsps in plasma, Hsps on the surface of cells, Hsps within cells, and denatured Hsps, suggesting that it will also be very important to detect different types and different characteristics of both Hsps and anti-Hsp antibodies in future research. Thus, it was recently reported that increased titers of antibodies against human Hsp60 indicated an adverse prognosis in patients with acute chest pain, whereas antibodies against mycobacterial Hsp65, a protein highly homologous to human Hsp60, were not predictive (Birnie et al 2005 ; and see editorial comment by Pockley and Frostegard 2005) . Finally, do antibodies against Hsps neutralize circulating Hsps, activate complement, or target surface antigens on specific cells? Hsp70 in particular has been reported to be exposed at the surface of tumor cells where it can exert immunomodulatory functions (Multhoff et al 1995; Gastpar et al 2004) . Specific members of the Hsp70 family may also present at the surface in different cells; thus hspA8 is specifically expressed at the surface of human embryonic stem cells and disappears during differentiation (Son et al 2005) . Although a few investigations have preliminarily shown that antibodies against Hsps can down-modulate immune response via a self-Hsp-reactive, Th2-type mechanism, the unknown effects of this crossreactivity on healthy individual and in patients with different diseases, and their precise mechanisms of action should continue to fascinate scientists from numerous disciplines.
